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ABSTRACT 
This study was undertaken to Investigate the neuro-
toxic effects of nitrogen dioxide on guinea pig cerebral 
hemisphere, cerebellum, midbrain, medulla, and spinal 
cord. 
Animals were exposed to nitrogen dioxide (5 ppm 
and 10 ppm) daily 2 hours, for 35 days. Total lipids, 
cholesterol, phospholipids showed significant depletion 
following intoxication with N02* Cholesterol level in 
the spinal cord, however showed significant increment. 
Meanwhile, rate of lipid peroxidation and gangliosides 
levels were found to be enhanced in various regions of 
the central llervous System (CNS) . 
Xi 
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I - INTRODUCTION 
1.1 Historical Aidoount of Air pollution; 
From th« 13th century onward, people accepted a pollu-
ted atmosphere as part of their urban life. The people were 
using coal# to warm their houses. Earlier sources of natu-
ral contamination were due to erupting volcanoes, earth-
quakes, forest fires, and plant pollen. 
The r^id development and Industrialization has pro-
vided humanity with many material and social benefits. At 
the same time, it has brought in its wake many material and 
social problems. One of these is environmental pollution, 
which is seen in many great cities and industrial areas, 
almost proportional to the number of people, (Crawford, 
1986) . 
1.2 some Important Acute Air pollution 
episodes throughout the world; 
i) Belgium in 1930 was blanked by fog, which was due 
to heavy industrial factories, including steel mills, 
power plants, glass factories, artificial fertilizer 
plants etc. One of the aerosol which was responsi-
ble for the tragedy was the air borne oxides of 
nitrogen. 
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il) Donora^ (1948)« the thick fog was due to steel and 
zinc reduction plant. 
ill) London^ (1952), the Irritants mainly derived from 
the CMobastlon of coal and its products. Hitrogen 
oxide was one of the component in large quantity. 
2484 people died in a week as coopared to 945 deaths 
prior to this tragedy. 
iv) Similar air pollution disaster occtirred in Los Angeles 
for a long time due to many coaqponents in air, as one 
of them was NO^. 
v) Bhopal,(1984) It is known as the biggest air pollut-
ion trage^ in the history, more than 3,000 people 
died, and more than 20Q000 people were seriously affec-
ted. The fog was due to Union Carbide factory, and 
MIC has been identified as one of the chemicals pre-
sent in the fog. 
1.3 Types of Pollution; 
According to Crawford, pollution is generally recog-
nized in the following formsx 
i) Air Pollution; 
The presence in the atmosphere of solid particles, 
liquid droplets, or gaseous compounds which are not 
normally present in a concentration substantially 
greater than normal. 
3 
i i ) water pol lutions 
The presence in concentration higher than normal, in 
natural waterways of dissolved or suspended foreign 
materials, such as s i l t , cheBoicals, fecal matter, meta-
l i c elements, organic material, or nutrients . 
i i i ) Waste pol lut iont 
The presence an land waste of s o l i d material, organic 
or inorganic, which has no benef ic ia l (qualities. 
iv) Chemical pol lut ions 
The presence in plants and t i s sue , including feed 
and foodstuffs, of adulterant chemicals which have 
no benef i t ia l e f f e c t . 
v) Noise pol lut ions 
The Presence in the open atmosphere or in a confined 
space of noise generally considered undesirable, except 
by the person responsible for i t . 
vi) Thermal pol lutions 
The discharge into the environment of a stream of air 
or water which i s at a higher tentperature from that of 
the environment at the point of discharge or down 
stream of th i s po int . 
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vii) Fume; 
A mixture in air of small particles in the size range 
from 0.1 to 1 um. 
iix) Sulfurous Smog; 
A mixture in air of SO2 ^^^ other sulfur coaipounds, 
along with particulates, including water droplets, 
and the reaction products which occur under these 
conditions. 
ix) Photochemical Smog; 
A mixture in the air of the psoducts of very ccxoplex 
photochemical reactions involving various hydrocarbons 
and oxides of nitrogen in the presence of sunlight. 
Usually, in photochemical smog both psurticulates as 
well as gaseous pollutants are present but that can 
also exist with gaseous pollutants only. 
1,4 Natvuce of Air pollutlont 
Polluted air is defined as air plus one or more cons-
tituents not normally present in air or present in greater 
than normal concentrations. The pollutinff constituents, or 
pollutants, can be in the form of solids, liquids, giases, 
or vapours, (Crawford, 1986) • 
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Suzukis (1971)« defined air pollution as a mixture 
of one or more contaminants of dust« fumes« gas« mlst.# 
srooke« odoz or valour discharged into the air by man in 
such quantities and of such duration which tend to be in-
jurious to human* animal* or plant life and property and 
interfere with the comforts of life itself, practically 
all air is contaminated to some extent* which directly 
depends on activity of man in the particular area. 
Gaseous pollutants exist as individual molecules diffu-
sed throughout the air*Gaseous pollutant molecule cannot be 
distinguished from air molecules under the microscope. 
1«5 Classification of Air pollutanti; 
Polluted air can be classified on the following basis: 
i) On the basis of Origint 
They are classified as primary and secondary in q[uality. 
Primary pollutants are those pollutants which are emit-
ted into the atmosphere as a conseqfuence of the process • 
Secondary pollutants are those which are formed as pro-
ducts of sone reactions. 
11) On the basis of the State of matter; 
They are classified as gaseous or particulate types. 
Gaseous pollutants are present in the atmosphere as 
contaminants which behave Just like air itself. 
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Particle pollutants Include dust of any type* fume, 
mist , and sprays and are classified as solids or li-
quids (Suzuki* 1971}. Crawford (1986)» classified po-
lluted air masses as follows: 
Dustt A mixture of air or Irregular - sheqped mineral 
particles In the size range from 1 to 200 Aim diameters. 
Smoke» A mixture of air of very fine particles formed 
by combustion or other chemical processes In the size 
range fr^n 0*01 to 1 pm. 
Mist t A mixture In air of liquid droplets In the 
size from 5 to 100 ym In diameter. 
Fog: A mist In which the liquid is water. 
1.6 Scwne Inportant Pollutants; 
According to Environmental protection Agency (£S>A}, 
there are six major pollutants; viz. sulfvuc dioxide (SO2) 
Nlrtogen dioxide (N02)« Carbon Monoxide (C0)» Oxidants, 
total suspended particulates, and lead. 
These are all emitted Into the atmosphere from a 
large number of sources such as, motor vehicles, power plants 
and industries. They are present in significant quantities 
in the atmosphere in all major cities. 
1.7 Soaae Important Soiarces of Air pollution: 
1) Carbon monoxide (CO) : 
Carbon monoxide comes mostly from transportation^ spe-
cifically Internal combustion engines, motor vehicles. 
11) StUfur dioxide (SOo) : 
It comes mostly from fuel combustion (cool and resid-
ual oil) In stationary sources (power plants and large 
Industrial furnaces) and Industrial processes (mostly 
the smelting of the sulfide ores of copper, zinc and 
lead) . 
Ill) Hydrocarbons; 
Hydrocarbons cc»ne about half from motor vehicles and 
half from Industry and miscellaneous other sources. 
Iv) Particulates; 
They cone mostly from Industerlal sources and fuel 
combustion. 
v) Nitrogen Oxides (NO ): 
It comes mostly from motor vehicles and Industrial 
heating. They are formed by the reaction of atmos-
pheric oxygen in high tenperature flames. In auto-
mobiles, the air-fuel mix. is preheated by conpres-
sion, and in power plants it is preheated by heat 
8 
exchange with exhaust gas, so that higher teiqperat-
ures are reached. At these points when nitrogen oxides 
are formed« On the other hand« Andur (1980)# have 
given in terms o£ tons of material emitted annually 
into air, five major pollutants, which account for 
about 98 %, of the air pollution. These ares Carbon 
monoxide (52 % ) , Sulfur oxides (18 % ) , Hydrocarbons 
(12 %), Particulate matter (10 %), and Nitrogen oxides 
(6 % ) , and they also named five sources which account 
for nearly 90 % of the pollutants, in terms of tons 
of material emitted annually. These ares transportat-
ion (60 %)t industry (18 %) electric power generation 
(13 %}, space heating (16 %) and refused disposal (3 %} • 
These figures would be subject to wide variation, depen-
ding on local sources of pollution. They do eotqphasize 
the importance of the automobile, which has become 
such an integral part of human life, as a major pollu-
tion source. 
1.8 Action of aocue Government Agencies 
Against Air pollutions 
The Indian government passed the two acts in parliament 
for checking air pollution, that is, the Indian motor vehicle 
Act of 1939 and Air pollution (prevention and control) Act of 
1980. 
9 
In I.R. Iran also since l a s t decade* the government 
has taken strong action against t r a f f i c in central part of 
the capital / Tehran* to control air po l lut ion of the c i t y . 
They Kayhan (1987) reported that Tehran i s one of the most 
pol luted c i ty of World, and l i f e in the c i ty w i l l be d i f f i -
cult in next 20 years; i f no action i s taken against sources 
of pol lut ion of the c i t y . 
People are s t i l l dying without knowing that pol lut ion 
i s part ly responsible for their death. • 
Table number 1.1 shows atmospheric emissions of some 
iB{}ortant pollutants* and their threshold. 
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1.9 Nitrogen Oxides; 
The known oxides of nitrogen are listed In table number 
1.2, Out of these, nitrogen dioxide Is more liqportant. (Groy, 
1959). 
1.10 Nitrogen Oxides and History: 
The history records toxicity of nitrogen dioxide since 
1804, when a merchant and his dog (in Lyon, France) were both 
ejqposed to massive concentration of this gas after several 
crates of nitric acid were broken in his shop, both of them 
died, (Ramirez* 1974) . 
The first grain storage silo was build in 1874, and un-
explained deaths occuring in the silo complex were reported 
in 1914. About 35 years later, it was noted that high con« 
centration of nitrogen dioxide was present in silo gas. Con-
centrations ranging fr<»Q 200 to 4000 ppm have been observed, 
(Lowry and Schuman, 1956)• 
The importance of nitrogen dioxide (NO2) a^ & cause of 
ptilmonary tissue damage has become widely recognized in the 
last 40 years. It was this gas which was predominantly res-
ponsible for lung damage to silo workers (Rowlands and Gause, 
1971, and Thienes and Haley 1964). 
12 
1,11 Source of Nitrogen dioxide; 
The nitrogen dioxide are contained in cigaratte and 
tobacco smoke^ (Yura and Shimizu, 1982) in kitchen with gas 
or electric cooker (Melia et al 1978; Glotzl, 1985), in cit-
ies by traffic (Bruetch 1975« Massodi et al« 1978)* and in 
farms (Goldfrank and Bresnitz, 1982)• 
NIOSH« (1976) confirmed that 200,000 tons of NO2 «^® 
produced annually front industrial processes and 10 million 
tons result from combustion. 
Oxides of Nitrogen? 
The known oxides of nitrogen are listed in Table: 1.2 
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Table - 1 . 2 
OXIDES OF NITROGEN 
For anil a 
N2O 
NO 
V3 
NO2 
N2O4 
N2O5 
Name 
Nitrous oxide 
Nitric oxide 
Dinitrogen tri-
oxide 
Nitrogen dioxide 
Dinitrogen tetro-
xide 
Dinitrogen pento-
xide 
color 
colorless 
Remarks 
Rather unreactive 
Gas« Colorless Moderately reactive 
liquid and 
solid, blue 
Blue solid 
Brown 
Colorless 
Colorless 
Extensively disso-
ciated as gas 
Rather reactive 
Extensively disso-
ciated to NO2 as gas 
and partly as liquid 
Unstable as gas; 
ionic solid 
N03,N206 
(Cotton and Wilkinson,1985)• 
Not well character-
rized and quite un-
stable. 
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In 1972 a report showed that about 5,00^000 K, ton per year 
nitrogen dioxide was produced by natural sources (Lee, 1972). 
Das and Chatterjee, (1988) suggested that 95 % of the nitro-
gen dioxide is emitted from fossil fuel combustion. 
1.12 Choice of air pollution NOo at threshold 
limit values^ as a model for toxicologi-
cal Investigation; 
Dut of several gaseous pollutants for this study« 
Nitrogen dioxide have been selected for toxicological inves-
tigation of the brain tissue. 
Sffect of nitrogen dioxide on the lipid contents of the 
nervous system tissue as the main target of experimental toxi-
cosis^ was chosen due to the following reasons; 
1- The main sources of nitrogen dioxide pollution 
are the combustion of fuel in industries, kitchens 
of the houses and automobiles. 
11- Nitrogen dioxide are fatel if Inhaled in high con-
centration or for long duration. 
ill- Nitrogen dioxide react with lipids as oxidants and 
produce free radicals. 
iv- There is little information available regarding the 
effects of nitrogen dioxide on the brain. 
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1.13 Toxic dose; 
World Health Organization recommended that a safety 
factor of the short-term effects of NO2 concentration of 
3 3 
0.5 ppm (940 yug/ra ) to get a range of 190 to 320 yug/ra 
must not to be exceeded more than once per month. 
The estimated maximum safe concentration is 5 part 
per million, that is 9 mg per cubic meter. The Los Angeles 
Country Air pollution Control District established a con-
centration of 3 ppm for the first Alert, 5 ppm for the 
second Alert and 10 ppm for the third Alert, (Thieaes and 
Haley, 1964) . 
The National Ambient Air Quality Standard (NAAQS) for 
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nitrogen dioxide is 0,05 ppm (100 jxg/va. ) per year and 0.13 
ppm for a 24 hr period. Concentration of 0.5 to 1 milligram 
of Ikitrogen dioxide or nitrogen tetroxide (N2O.) per liter 
of air (250 - 500 ppm) are rs^idly fatal. Lower concentra^ 
tion may be fatal if breathed for an ho\u;. 
Hockney et al, (1980) and Rom and Barkman (1983), have 
given the hvunan threshold for nitrogen dioxide as 0*5 ppm 
although olfactory sensitive subjects can smell as little 
as 0.1 ppm. 
The greatest hazard of esqposure of nitrogen oxides 
is that their serious effects are not felt until several 
hours after exposure. Pulmonary edema may not develppe 
up to 72 hours after exposure, (Braker et al, 1977). 
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The clinical effects of Nitrogen oxides inhalation 
depend upon the concentration and time of exposure to the 
conipound^  (Goldfrank and Bresnitz, 1982) . 
Gardner et al« (1977) have reported that intermittent 
exposure to nitrogen dioxide may be more toxic than conti-
nuous exposure when short - term peaks of nitrogen dioxide 
concentration are involved 
Table NO 1.3 shows threshold limit values for some 
chemical substances. 
1,14 pollutant Concentration: 
The amount of gaseous pollutants contained in the air 
mass is given by the concentration in parts per million (C^pm) 
as the ratio of the partial volume (Cv) of pollutant gas to 
the partial volume of the air. 
Crawford, (1986) defined the partial loading (CP»v) of 
the air, as the total mass of suspended particle material 
per unit volume of mixture. 
There are three aspects of exposure that are of great-
est inportance in hazard ranking. They are: the size of the 
pollution exposed, the frequency and duration of e3q>osure, 
and the concentrations/quantities of the chemical to which 
organisms are exposed. 
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Table - 1.3 
Threshold limit values for some chemical substances 
Substances 
Acetone 
Ethyl ether 
xylene 
Ammonia 
Chloroform 
Nitric oxide 
Carbon disulfite 
Hydrogen cyanide 
Hydrogen sulfide 
Acetic acid 
Carbon tetrachloride 
Sulfur dioxide 
Acetic anhydride 
Nitrogen dioxide 
Chlorine 
Ozone 
Phosgene 
Mercury 
Vanadium 
Cppm 
1000 
400 
100 
25 
25 
25 
20 
10 
10 
10 
10 
5 
5 
5 
1 
0.1 
0.05 
-
-
CmV„„, 3 
mg/m 
2400 
1200 
435 
18 
120 
30 
60 
11 
15 
25 
65 
13 
20 
9 
3 
0.2 
0.2 
0.05 
0,1 
(Thienes and Haley, 1964; Lee, 1972 and Rom and 
Baxkman, 1983; and Craford, 1986) . 
[ g d ^ B d W ©If [L0il(lPilil(LDD°< 
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2. REVIEW OF LITERATURE 
2,1 Effect of Nitrogen dioxide on animal: 
2.1.1 Effect of Nitrogen dioxide on body weight/ 
Organ weight of the animals; 
Nitrogen dioxide did not significantly affect body 
weight of animal e^ qposed to that (Campbell, 1976) . Vita-
min £ deficiency resulted in lower body weight by 18 months 
of age. Mice escposed to nitrogen dioxide at 0.5 ppm or 1 
ppm, increased this weight loss, (Saari and Ayaz, 1978). 
Rats exposed to 40 ppm NO2 for five hours, increased 
lung wet weight six hours after exposure (Bi»ank et al, 
1978)• Kuraitis et al, (1981), exgoa&d mice to nitrogen 
dioxide at ambient levels (0.35 to 0*05 ppm) and have been 
reported significant changes in the spleen of e^ qposed mice. 
Rats exposed to 5 ppm NO2 £or three consecutive days, had 
little effect on their body or liver weights, (Messiha et 
al, 1983) • Recently, Vyskocll et al, (1985), exposed male 
rats to 3.5 ppm nitrogen dioxide for one or two months con-
tinuously. Their studies showed no significant changes in 
the weights of lung, spleen, adernal glands, hypothalamus, 
liver and whole body of the animal. Significant change 
(decrease) in the concentration of hypothalamic norader-
naline has been observed. They suggested that prolonged 
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exposure to 3.5 ppm nitrogen dioxide does not result in 
changes in hormone levels* organ and body weight of ani-
mals. 
2.1,2 Effect of nitrogen dioxide on enzymes activity: 
2.1.2.1 Effect of nitrogen dioxide on emeyne 
activity of Brain? 
Drozdz et al (1975)» have reported the effect of nitro-
gen dioxide on the enzyme activity in brain homogenate and 
the subsequent morphological change in the central nervous 
system in chronically intoxicated guinea pigs. Their re-
port shows an increase in the activity of enzymes involved 
in protein metabolism after exposure to nitrogen dioxide. 
2,1,2,2 Effect of nitrogen dioxide on enzyme 
activity of lung: 
Intermittent and continuous escposure to nitrogen di-
oxide at acute (4^2 hour at 40 ppm) and chronic (15 ppm for 
10 weeks) produced marked alterations in oxygen consunption 
(Q02)# aldolase and lactic dehydrogenase (LDH) activity in 
lung and other tissue of guinea pigs, (Buckley and Balchum* 
1967, 1965) • Female mice exposed to 0.5 ppm iM-trogen di-
oxide did not affect blood and lung G 5H-peroxidase activity; 
1 ppm N02# however caused suppression of the enzyme. Liver 
G 5H - peroxidase activity unaffected by nitrogen dioxide 
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esqposore (Lund et al 1978), Two to ten part per million 
nitrogen dioxide from five to sixty days, decreased the 
sxiperoxide dismutase (SOD) activity in rats and guinea 
pigs of all aged (adult and new borns), (Azoulay et al, 1983)^ 
The activity of hexokinase, phosphofructokinase, 3-phospho-
glycerate kinase, pyruvate kinase (PK) and lactate dehydro-
genase increased significantly in rats lung after five days 
esqposure to 10 ppm and significantly higher value after 7 
days of e:q>osure to nitrogen dioxide. Similarly the acti-
vities of all enzyme examined increased significantly by 
exposure to 4 ppm 1I02# reaching the maximum between 4 and 
7 days of eaqposxire* By these finding Mochitata et al (1985) 
suggested that short term eaqposure of rats to 2 to 10 ppm 
nitrogen dioxide induced the pulmonary system conceaning 
glycolysis and NADPH - generation. 
2.1.2.3 Effect of nitrogen dioxide on enzyme 
activity of blocS; 
The decreased of alanine and asparatate transaminase 
activity in blood serum caused by the strong decreased of 
the cytoplasmic fraction of these enzymes after exposure to 
NO2 in guinea pigs, in concentration of 2 mg/m , (1.1 ppm) 
8 hours daily for a period of 180 days. The activity of 
cholinesterase and similar change of enzyme activity in 
liver of the animal have been reported (Droedz et a^,i976). 
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Tsujil et al (1985), exposed rats to 0«4« 1,2« and 4.0 ppm 
nitrogen dioxide for 13 weeks^ their report show significant* 
ly an elevation in blood nitrate level at the firsts third 
and eight week of exposure and the Na'^ « K**** > AOSPase acti-
vity decreased slightly from the first week tqpon exposure 
to 4.0 ppm nitrogen dioxide and reached the minimum at the 
third week. 
2.1.3 Effect of nitrogen dioxide on protein; 
2.1.3.1 Effect of nitrogen dioxide on lung 
proteins: 
The extreme chemical activity of nitrogen dioxide as 
an oxidant^ or the solution of the substance in moisture of 
lung tissues^ produce the strong acid,* Nitric acid could 
produce alterations or denaturation of lung proteins, when 
contact is made with these tissue. Lung protein increased 
in rats after exposure to 40 ppm NO2 for five hours* (Blank 
et al., 1978) . 
2,1.3.2 Effect of nitrogen dioxide on blood 
proteinst 
Decrease in concentration of serum IgM, IgG. and XgG^ 
immunoglobulins observed in mice after exposure to 2 ppm or 
0.5 ppm nitrogen dioxide, daily one hour, five days a week, 
(Ehrlish et al, 1975). Drozdz et al, (1976), exposed guinea 
pigs for 180 days, daily 2 mg/xs? NOg* decrease of total pro-
tein and seromucoid concentration in blood serum and the 
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decreased o£ total protein^ protein bound hexosomines^ per-
chloric acid soluble proteins and sialic acids content in 
liver tissue had been observed by them. By electrophoretic 
examination^ they found the increase in<^. and P ^^ globu-
lins and the decrease of albumin concentration is servun 
protein^ change in the level of glycoprotein fractions 
and protein bound carbohydrates in blood serum of animals. 
2.1.4 Effect of nitrogen dioxide on lipids; 
2.1.4.1 Reaction of nitrogen dioxide with 
lipids; 
Nitrogen dioxide react in vitro with lecthin and phos-
phatidylethanolamine to produce three different nitrogen free 
radical species. Same free radicals were produced upon ex-
posure to nitrogen dioxide of any lipid conpund containing 
a double bound, (Rowlands and Gause, 1971). 
There are three types of free radicals that are of 
io^ortance in studies of the reactions between oxidizing 
air pollutants with lipid materials, and two main types of 
nitrogen - containing free radicals which are inqporteint 
from point of view of air pollution research are the nitro-
xide and imlnoxy free radicals; Figure 2.1 show three dif-
ferent nitro^ jen free radicals. 
Gases like oxides of nitrogen are lipid soluble and 
exert toxicity by altering cellular membrane lipid fraction. 
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FIG.2.1 FREE RADICAL OBSERVED BY THE REACTION 
OF NO2WITH UNSATURATED LIPIDS. 
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(Cahalane and Demling^ 1984} • 
2.1•4,2 Effect of nitrogen dioxide on lung 
lipids; 
Thomas et al« (1967)/ studied structural changes in 
the lung lipids v^on esqposure to nitrogen dioxide. Phos-
pholipids content of rat*s lung increased after exposure 
to nitrogen dioxide at 40 ppm for five hours, (Blank et al, 
1978). Nitrogen dioxide like ozone, can cause lipid pero-
xidation, in rat lung exposed to 1 ppm, for 4 hours. Rats 
fed a diet deficient in vitamin £ showed more peroxidation 
in surfactant to ozone, (Thomas et al, 1968}• Trzeciak et 
al« (1977), found no change in the lipids of guinea pigs 
chronically exposed to a mixture of nitrogen oxides at 
concentration of 0.0506 ppm and nitrogen dioxide at con-
centration of 0.05 ppm or to the products of their neutra-
lization by ammonia 8 hours daily for 122 days, in the lung 
of guinea pigs to NO^, a statistically significant decrease 
of the contents of phosphatidylethanolamine, sphingomyelin, 
phosphatidylserine, phosphatidic acid, phosphatidylglycerol 
3 - phosphate, and an increase of lyspphosphatidylethanola-
mine was found. Alteration in lipid peroxidation in rat 
(respiratory system) esqposed to nitrogen dioxide at 4.48 
ppm for one hour investigated, (Dillard et al, 1980}. Pal-
mitic acid, palooitoleic acid and linoleic acid increased 
significantly in lung and liver phospholipid fraction of 
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rats e3q>osed to 20 ppm NO2 for 20 and 40 hours, (Kabayashl 
et al« 1980) • Leung (1983) exposed rats continuously to 40 
ppm nitrogen dioxide for 4 hours, and reported no signifi-
cnat change in the total phospholipid content or phospholi-
pid concentration as a result of NO2 exposure, in addition 
report also show that NO2 did not induced any significant 
change in the fatty acids cooposition of the lung phospho-
lipid with exception of eurachidonic and docosspentaenoic 
acids in the mitochondrial fraction, which showed a slight 
increase as compare to control group. Azoulay et al, (1983), 
exposed rats and guinea pigs to 2, or 10 ppm nitrogen dioxide 
from 5 to 60 days and investigated that rat were more toler-
ant than guinea pigs, but rat and guinea pig new borns were 
less affected than adults. 
2.1.4,3 Effect of nitrogen dioxide on blood 
lipids; 
Lipid peroxidation in vivo has been identified as a 
basic deteriorative reaction in air pollution damage to 
cell, in aging process, in some phases of atherosclerosis, 
in chlorinated hydrocarbon hepatotoxicity* in ethanol-
induced liver injury and in oxygen toxicity iTapp&l, 1973). 
Decrease in cholesterol and total lipid levels in blood 
serum of guinea pigs exposed over a long time period at 
a low concentration of oxide of nitrogen (Oironic exposure) 
have been investigated, (Komider, 1975) . 
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2,1,5 Effect of nitrogen dioxide on rate of 
mortality: 
fihrllch and Henry, (1968), observed that both increa-
sed and reduced clearance tates of K, pneumoniae frcxn the 
lung in mice exposed cdironically to 5,0 ppm nitrogen di-
oxide, statistically significant Increase in mortality 
following infection were observed in mice e^ qposed conti-
nuously for three months and after six months of daily six 
or 16 hours exposure, Henry et al, (1970), reported incre-
ases mortality in squirrl monkeys exposed for short periods 
of two hours to 50 ppm nitrogen dioxide or for periods of 
one or two months to 10 or 5 ppm when they were Infected 
with K, pnenumonlae, Ehrlish et al, (1975), have exposed 
mice, hamsters, and squirrl monkeys to varied concentrat-
ion of nitrogen dioxide, prior to infection challenge the 
resistance of the test animals to the pollutant appeared 
initially to be related directly to animal size, with 
mice exhibiting the greatest mortality and monkeys the 
least. Coffin et al, (1976), exposed mice to 1.5 ppm strep-
tococcus pyrogenes for 18 hours reported mortality in 25 % 
but a 2 hours e3q>osure to 14,5 ppm caused a 65 % increased. 
They suggested that the concentration is more critical than 
time in Increasing mortality from infection. Rat are more 
tolerant than guinea pigs but rat and guinea pigs neuborns 
are less affected than adults after exposure to 2 or 10 ppm 
nitrogen dioxide from 5 to 60 days (Azoulay et al, 1983). 
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2,2 Effect of nitrogen dioxide on human; 
Metnyoglobin levels increased 3 ^  to 5 % in children 
living in an environment containing high concentration of 
oxides of nitrogen* (Symon, 1965) . Abe* (1967), exposed 
five human subjects for ten minutes to 5 ppm N02# and ob-
served a mean increase in airway resistance of 92 %, 
Halton et al, (1977), studied on American astronauts of the 
^ollo-Soyuz mission in which the crew members developed a 
diffuse pneumonitis following the accidental inhalation of 
nitrogen dioxide, they suggested that considerable collagen 
degradation occured as a consequence of inhalation* This 
was based on increased levels of urinary hydroxylysine 
glycosides, that were noted in the three astronauts, how 
had been eoqposed to an average concentration of 250 ppm 
of nitrogen dioxide for approximately five minutes. Sig-
nificant decrease in the activity of the erythrocyte men-
brane enzyme acetylcholinesterase have been observed in 
young adult male humans after exposure to 1 ppm or 2 ppm 
nitrogen dioxide for 2,5-3 hours. The levels of perolU 
dized red blood cell lipids elevated significantly only 
after inhalation of 2 ppm NO2. Glucose - 6 - phosphate 
dehydrogenase elevated significantly after the second 2 
ppm NO2 exposure, (posin et al, 1978). Human breathing 
air containing 0.1 ppm have about 3.6 mg of nitrate formed 
in their respiratory tract per day, and the 9,6 u mol of 
nitrate is formed in the respiratory tract of the rat per 
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ppm NOo P^^ 24 hour exposure. The total increase in uri-
nary nitrate is linecurly related to the nitrogen dioxide 
concentration administered, (Saul and Archar, 1983) • Short 
term exposure to nitrogen dioxide in concentration even 
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below 1000 ng/m seems to have effects on human bronchial 
reactivity and lung function (Bylin et al, 1985). 
2,3 Effect of nitorgen dioxide on plants; 
Tomato plants exposed continuously to 0*11 ;al litre" 
SOj and 0,11 ^ 1 liter" nitrogen dioxide were not signifi-
cantly different from control. Exposxire to the mixture of 
NO2 and SO2 «it these concentration resulted in significant 
decreases in leaf fresh weight and area after 14 days and 
significant decrease in root fresh weight and stem and root 
dry weight after 28 days. Leaf water concentration decre-
ased markedly in mixture •> treated plants, (Marie and Orm-
rod, 1984) . Nine day old seedling of pisiun sativm were 
fumigated with SO2 and NO2 or a c^nbination of both, the 
activities of ribulose diphosphate carboxylase (RUCPC), 
glutamate pyruvate transaminase (GPT), glutamate oxaloace-
tate transaminase (GOT) and peroxidase enzymes in extracts 
form fximigated seedlings showed various difference with res-
pect to those of control seedlings, (Horsman and Wellburn, 
1975) . 
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Under the most prodlsposlng conditions nitrogen di> 
oxide at concentration as low as o«25 ppm for an hour might 
cause some chornic physiological injury to the most sens i -
t i v e plant, (Treshow, 1984). 
2.4 Lipids; 
The major lipids found in human body are cdiolesterol, 
triglycerides* phospholipids and free fatty acids. These 
confounds have one feature in ccworoon, that is, they are 
all esters of long chain fatty acids. In addition, fat-
soluble vitamins and steroid hormones are also present in 
minute quantities. These are organic substances that con-
tain mostly carbon, hydrogen, and oxygen; several of the 
c<»^ound lipids also contain nitrogen and phosphorus. 
They are generally insoluble in water and soluble in organic 
solvents such as benzene, chloroform, petroleum ether, alco-
hol, etc. Lipids are hydrophobic, their problem of trans-
port in aguous environment is solved by the lipoproteins. 
2,4.1 Lipids in Central Nervous System; 
In the animal tissue, the largest amount of lipids 
occur in the brain. The mammalian central nervous system 
lipids, coinparise over half of the total dry weight (Brante, 
1949; Balakrishnan et al, 1961; and Suzuki, 1981). Almost 
all of the lipids in the CNS are found in membrane of cells. 
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These brain lipids are constantly being synthesized, rep-
lacing old lipid molecules in the membrane. Lipid conqpo-
sition of the brain tends to remain relatively unaffected 
by various external factors, such as the nature of diet, 
malnutration, and other conditions that would alter strongly 
the lipid conposition of plasma or systemic organs (Suzuki, 
1981)• Different types of membrane accumulate different 
types of lipids, (HorroChs ^t al, 1975). 
The abundent lipids of brain are located in both cel-
lular and intracellular membrane and in the myelin sheath. 
The increased ooyelin content is associated with increase 
in brain weight, (Smith et al, 1983) . 
The CNS contains, cholesterol, sphingolipids, and 
glycerophospholipids as major and triglycerides, free fatty 
acids and cholesterol esters as minor lipids, they are sig-
nificantly inportant in both structure and function of cen-
tral nervous system (Suzuki, 1981). The remarkably constant 
lipid conqposition of adult brain has suggested a relatively 
low turnover of lipids. Cholesterol, cerebrosides, phospha-
tidyl ethanol amine, and sphingomyelin are only slowly metabo-
lized in brain. However phosphatidylcholine undergoes a 
rapid turnover, and phosphatidylionsitides exhibit an even 
faster rate, (Smith et al, 1983) . Triglycerides and free 
fatty acids constitute at the most, only a few per cent 
of the total lipids of the brain. Some of these are 
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probably contributed by blood and blood vessels rather than 
by neural tissues. 
The sum of cholesterol, phospholipids, and glycollpld 
comprises nearly the total lipid of the brain (at least 85%), 
(Suzuki, 1981). 
Table number 2,1 shows the normal value of lipid com-
position In normal human brain. 
2.5 Cholesterol; 
Cholesterol Is the major and Important sterol In the 
human tissue* Cholesterol Is present as an Integral part 
of the cell membranes. It possesses a tetracyclic steroid 
nucleus known as cyclopentanoperhydro-phenathrene ring sys-
tem. It has an eight - carbon atom hydrocarbon chain that 
Is numbered 20 - 27 as a continuation of the steroid nuc-
leus. The third carbon of the ring Is hydroxylated and 
tenth and thirteenth are methylated. The hydroxyl.^ grovq? 
at C- could be attached to a fatty acid residue In easter 
linkage. 
Cholesterol Is synthesized from acetyl - CoA, which 
can be derived from carbohydrates, amino acids, or fatty 
acids and it proceeds in several stages. The main stages 
are: 
Acetoacetyl CoA—• Mevalonate — ¥ Squalene — ^ Lanosterol -
Cholesterol. 
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It is generally agreed that HMG - CoA reductase controls 
the formation of mevalonate from HMG - CoA and it is rate 
limiting in the biosynthesis of cholesterol (Frisell, 1982) 
2,5.1 caiolesterol in Central Nervous System; 
The presence of cholesterol in brain has been known 
since the time of Qooelin. This substance is commercially 
produced from cattle brain and spinal cords. Cholesterol 
comprises about 10 % of the dry weight of the brain lipids. 
In adult it is almost in the unesterified form, (Davison, 
1965). Along with cholesterol in nervous tissue, there 
occur very small amounts of other sterols (up to 1 % ) , 
(Cook, 1958) . 
The brain, like other organs, can synthesise choles-
terol, it takes place during early life at the time of the 
laying down of myelin . The adult human brcd.n may contain 
25 gm of cholesterol, whereas this amount at birth is only 
2 gm, (Waelsch et al, 1941, 1940) . 
Cholesterol has been shown to be an important compo-
nent of myelin. It contain approximately one - quarter of 
myelin lipid by weight, (Nortbn and Autilio, 1966; Soto 
et al, 1966; Eichberg et al, 1964, and Cuzner et al, 1965a) . 
About 70 % of the total brain cholesterol is present in the 
myelin, (Laatsch et al, 1962) . 
33 
Synthesis of cholesterol proceeds from sxibstances 
such as serine and acetate. Further studies of Waelsch 
et al (1940) J Bloch et al, (1943), Srere et al (1950), 
Van Bruggen et al (1953), and Davison et al (1958), repor-
ted practically no turnover of cholesterol in adult brain. 
But Garin and Marsh (1964), had reported the turnover of 
cholesterol in the brain being very slow (Half life gr^ UJ-
,4er than 100 days) . This turnover may be more r^id in 
some area than in other (Davison, 1964). 
2.6 Phospholipids: 
phospholipids form inportant constituents of the 
cell membrane and control the movement of molecules across 
them. The polar ends of the phospholipids enable the mole-
cules to orient themselves into sheats or micelles which 
can associate readily with proteins to form lipoproteins 
conplexes. 
The two main classes of phospholipids found in htiman 
body are glycerophospholipids and sphingophospholipids• The 
former contains glycerol and the latter contains sphingosine 
sis alcohol. These are further differentiated according to 
the nature of the molecule with which phosphoric acid is 
esterified such as choline in phosphatidylcholine, etha-
nolamine in phosphatidylethanolamine, serine in phosphati-
dylserine and inositol in phosphatidylinositol. Sphingomye-
lin is the major sphingophospholipi,d present in hximan tissue. 
34 
2,6,1 phosphollpi<3l in Central Nervous System; 
Phospholipids are known as constituents of the brain 
tissue since the time of Thudichuro in 1884, They are play-
ing a vital role in central nervous system, due to their an 
integral part of the membrane constituents. The principal 
phospholipids of the nervous system are phosphatidylcho-
line, phosphatidylethanolamine, phosphatidylserine and 
phosphatidylinositol. They are mainly synthesized in the 
brain from bases activated by Cytidine Triphosphate (CTP), 
(Walton, 1983), Brain can biosynthesize phosphatidylgly-
cerol via pathways similar to those of other organs (Ros-
siter, 1966, Possmayer et al, 1968 and Stanaceitr et al 1968). 
Phospholipids constitute roughly one - quarter of the 
dry weight of brain, (Hokin, 1969) , Total amounts of phos-
pholipids are higher in white matter than in gray matter, 
(Yasuda, 1937 and Randall, 1938) , In the brain, Phosphatid-
ylserine occure in two forms; as a sodium salt and as a free 
acid, (cumings, 1964) .Smith et al, (1983) suggested that 
phosphatidylethanolamine, slowly metabolize in brain, while 
phosphatidylcholine undergoes a rapid turnover, and phos-
phatidylinositol exhibit an even faster rate, both are 
synthesize from glucose and tatty acids, Walton, (1983), 
reported the rapid conversion of phosphatic acids to phos-
phatldylinositol and vise versa, also suggested that the 
process is significantly enhanced by neuronal activity. 
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and phosphatidylinositol metabolism is believed to be im-
portant in processes of membrane reconstitution or repair. 
•^'7 Gangliosides; 
Gangliosides are the most con^lex sphingolipids; 
carbohydrate rich sphingolipids that contain at least one 
acidic sugar is attached to ceramide. The acidic sugar is 
N - acetylneuraminate or N - glycolylneuraminate. These 
acidic sugar are called sialic acids. 
Gangliosides are synthesize by the ordered, step -
by-step addition of sugar residues to ceramide. They are 
determined by the specifity of the glycosyl transferases 
in the cell. More than fifteen different gangliosides 
have been characterised. 
2.7.1 Gangliosides in Central Nervous System: 
Gangliosides were originally isolated by Klenk from 
cerebral gray matter of the brain as mixture ef different 
species« (Klenk, 1942) . 
Gangliosides are found in highest concentration in 
the central nervous system, particularly in gray matter 
of brain, where they constitute 6 % of the total lipids 
of brain (Lehninger, 1984). Gary matter is ten times 
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richer In gangliosldes than white matter^ (Wolfe, 1972). 
They are continually synthesized and degraded by the sequ-
ential removal of terminal sugars. Their break-down occurs 
inside lysosomes. These organelles contain many types of 
degradative enzyme and are specicilazed for the orderly des-
truction of cellular compoisents. The serirs of gangliosides 
in the brain has the ceramide oligohexodies as the backbone 
with one or more Neu NAC moities attached. Major ganglio-
sides of the brain are depited as Gfi^* hematoside, GM2# Tay 
Sachs ganglioside, GM,, '^la* ^^Ib' ^ ^1' *°^ minor ganglio-
sides which have been identified from nervous system are, 
(3^2* which is the disialo form of C^2' ^^^ sialylgalacto-
sylceramide, (Wolfe, 1972, Suzuki, 1981) . Karpova (1978) 
shows that gangliosides are localized primarily in plasma 
membrane, and White et al, (1978), reported that monosia-
loganglioside is present in limited quantity in myelin 
fractions. 
Gangliosides can act as receptor substances for neu-
rotoxins, (Van Heyningen, 1959/ North et al, 1961 and Ledeen, 
1977). Due to its abundant in nerve endings, it has been 
suggested that they function in the transmission of nerve 
impulse across synapses. 
Gl\, is present in the brain ih high amount (Ledeen, 
1985) and is preferentially localized at the synaptic re-
gion were the presence of some ganglioside biosynthetic 
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enzymes has also been found (Mlrskjr et al, 1978; Hansson 
et al, 1977) • GM, can affect neurotransxnitter receptors 
with a modulatory action observed on cortical 5-HT recep-
tors (Agnati et al, l583^b^c). Recently, it has been shown 
that gangliosides may modulate phosphorylation systems, 
(Agnati, et al, 1984, 1985/ Bremer et al, 1984, 1986; Gold-
enring et al, 1985 and Tsujiiet al, 1985). 
Gangliosides §re also involved in tissue immunity and 
cell-cell recognation sites fundamental to the development 
and structure of tissue, (Suzuki, 1965/ Lehnunger, 1984). 
2.8 Lipid Peroxidation; 
Tappel (1970), defined the lipid peroxidation as the 
reaction of an oxidant (Oxygen)with polyunsaturated fat to 
form a lipid free radical intermediate • Lipid peroxidation 
play an ia^ortant role in connection with various metabolic 
disorders or synptoms of senility, (Strehler et al 1959) . 
Basic iiqportance of lipid peroxidation in cells damage by 
air pollution and oxygen have shown by Tappel, (1973) . 
Mudd and Freemen (1977) reported relation of environmental 
pollution (O3) with biological membrane and change of lipid 
peroxidation. 
Brain contain high degree of peroxidation than heart, 
liver, kidney, or spleen. This might be due to that brain 
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is reachest organ in lipid in con5>arision to all other 
body organs, Rowlands and Cause (1971) studied blood and 
lung components of rat exposed to nitrogen dioxide. Their 
results showed that NO2 can react with lecithin and phos-
phatidylethanolamine to produce free radical species. 
They confirmed that these free radicals are produced 
upon e^osure to NOo of any lipid compound containing a 
double bond. WHO/(1986)/have shown the importance of lipid 
peroxidation in Qerotoxioology. 
2.9 Aim of the Study: 
The vast array of chemicals used in any modern indus-
trialized society pose a potential threat from gases and fximes to 
workers and to the rest of the population. 
The irritant gases commonly encountered in accidental 
exposures are: Chlorine/ phosgene/ Ammonia/ Sulfur dioxide, 
and Nitrogen dioxide. The more soluble gases injure the 
mucous membranes of the eye, throat and upper respiratory 
tract. 
Inportance of nitrogen dioxide as a cause of pulmonary 
tissue damage has become widely recognized. It was the gas 
predominantly responsible for lung damage to silo workers. 
There is little data available regarding the effects 
of nitrogen dioxide on the lipids and lipoproteins in the 
blood and brain of guinea pigs. 
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In this part of study, neurotoxicity of environmental 
pollutant nitrogen dioxide on the lipids of guinea pigs CiiJS 
have been done. Further study is in progress to cover the 
tittle as given on this desertation to find out the effect 
of air pollutants on blood and brain lipids and lipoproteins 
fractions and their relation which may occur. 
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Table No. 2 .1 
THE LIPID COMPOSITION OF THE BRAIN 
Substance Approximate content 
White Gray^ 
Total l i p i d 50 - 70 30 - 45 
Total phosphol ip ids 2 2 - 3 0 2 0 - 2 8 
L e c i t h i n 4 - 6 4 - 8 
Cephalin; phosphatidylethanolamlne 2 - 3 2 
Phosphatidylserine 3 - 5 3-4.5 
Phosphoinositide 0.7-1.5 1 
Sphingomyelin 6-10 3 - 7 
Choles tero l 1 2 - 1 6 5 - 8 
Cerebrosides 1 6 - 2 1 7 - 1 0 
S u l f a t i d e s 2 
Cephalin B 3 2 
Plasmalogens 7 . 9 3 - 5 
Gangl ios ide 0 . 1 5 - 0«25 0 .8 - 1.1 
P r o t e o l i p i d p r o t e i n 6 - 8 3 - 4 
water {%) 67 - 74 81 - 87 
In g./lOO g.. dry tissue. 
The figure given represent tihe average of approximate value 
for the adult human brain (Brante, 1949; Balakrishnan et al 
1961; Rossiter, 1962; Suzuki 1981). 
[i^iiildlPBiiD ^IID^ IMldflto^E 
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3 - MATERIAL AND METHODS 
3.1 Aniroalst 
18 male adult guinea pigs^ weighing 400 to 600 q.,^ 
were housed In Individual cages and fed a pellet diet (Hin-
dustan Liver Ltd.« India)# and given water ad libitum. They 
had free access to water. 
There were divided Into the following groups.- One con-
trol and two esqperlmental, conparlslng six animals each were 
used for the biochemical study. The animals were acclimati-
zed for two weeks In accordance with the Instructions given 
by Behringer, (1973) . Light and dark cycle (photo-period) 
was controlled between 7 A.M. to 7 P.M. Animal room and 
cages were cleaned dally to keep them dust free. Room tem-
perature adjusted for 25 + 3^c. The animals showing symptoms 
of disease were removed Immediately after Identification. 
3.2 Eaqposure of animals: 
Animals of the control group Inhaled clean room alr« 
where as those of the experimental gro\;^ s were exposed to 
a mixture of suctioned air at the rate of 191700 ml/mln.« 
and nitrogen dioxide gas at the rate of 2.75 ml/mln., and 
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4.5 ml/mln., maintaining of two different ratio of 5 ppm 
and 10 ppm« which axe equivalent to Maximum Allowable con-
centration second and third Alerts as given by Los Angeles 
Country Air Pollution control District (Thienes and Haley; 
1964), daily 2 hours« for five weeks continuously. During 
period of esqposure, tenperature was adjusted for 30 + 5 C, 
hvunidity for 40 + 10 %, and presure recorded 760 nan Hg. 
Nitrogen dioxide was produce by action of concentra-
ted nitric acid on copper chips (formula 3.1) injected into 
the chamber through an air inlet pipe by the displacement 
of the gas fielled in a flask with the aaturated solution 
of nitrogen dioxide (Cupric nitrate, Cu (NO3) 2* M»w. 187.56| 
from a graduated aspirator (Figure 3,1). The quantity of 
gas forced into the chamber was measured by the amount of 
liquid flowing into the flask, as described by Silver (1946) 
and Miller (1943). 
At body tenderature, nitrogen dioxide is composed of 
70 % N^O^ and 30 % N02# while at 27®C it is a mixture of 
about 80 % N2O. and 20 % nitrogen dioxide (Braker et al., 
1977) . 
The animal were sacrificed by decapitation on the 35th 
day of the exposure, after 12 hours fiast. Their cerebral 
hemisphere, mid brain, cerebellum, medulla and spinal cord 
were rapidly dissected out in air condition laboratory 
(Ten5)erature 20 + 5*^ C), They were weight to the nearest 
milligram on a electrical balance between the range of 
CU+ 2HN03—CUO+ 2NO2+H2O 
CUO+2HN03-*CU (N03)a+ H2O 
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CU+ 4HN03-*'CU(N03)2+2N02 + 2H2 0 
FORMULA 31 PREPARATION OF NO2 IN LABORATORY 
BY ACTIONOF CONCENTRATED NITRIC ACID ON 
COPPER CHIPS. 
fig.3.1: Photograph showing exposure chamber used for 
testing atraospheric pollutants by Inhalation. 
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150 t o 350 mg. ( F i g s . 3.2 and 3 . 3 ) . 
3 .3 caiemicaJs and Reagents; 
Brain l i p i d standard^ sodltun b l s x i l f l t e , N-acetyl neura-
minic ac id and t h l o b a r b l t u r l c ac id (TBA) purchased from Sigma 
Chemical Co. USA. Resorc lnol , obtained from FERAK, west 
Germany. A l l other chemicals and reagents were of AR grade 
and purchased from £-Merck India Ltd. Bombay. 
3 .4 Extract ion of l i p i d s from d i s c r e t e 
brain regions> 
According t o the method of Folch e t a l (1951) over-
n ight f a s t e d animals were s a c r i f i c e d on the 35th day of 
the e^^osure, by c e r v i c a l d i s locat ion^ fo l lowed by de-
c a p i t a t i o n . The brains were removed as quickly as p o s s i -
b l e . The cerebral hemisphere/ cerebellum, mid brain, med-
u l l a and the s p i n a l cord were d i s s e c t e d out r ^ i d l y on an 
i c e - p l a t e , and weighed t o the nearest mi l l igram on an e l e c -
t r i c a l ba lance . 
3 . 4 . 1 Reagents; 
i) Chloroform - Methanol mixture: 
Mix 2 vol. of chloroform and 1 vol of methanol 
ii) Normal Saline 0.9 % NaCl: 
Take 4.5 g of sodixun chloride in 500 ml DDW. 
A:Dorsal View 
5c 
B;Vental View 
Fig.3.2:Photographs showing dissected guinea pig 
Brain regions* 
Cb= Cer4pberal hemisphere, CL= Cerebellum, 
Mb= Midbrain , Mo = Medulla Oblongata and 
Sc= Spinal cord. 
o 
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3.4»2 Procedure for extraction of lipids 
from discrete brain areas; 
Different parts of the brain (150-350 mg) were homo-
genized in a glass homogenizer to a final voliuoe of 6 ml 
chloroforro-methanol (2:1, v/v) according to the method of 
Folch et al. (1951). Each homogenate was shaken periodi-
cally for an hour and filtered through sintered glase fun-
nel (G-4) under vacuum. The residue of each test tube was 
again hcxnogenized with 2 ml chloroform-methanol and filte-
red. The test t\ibes were rinsed with fresh chloroform-
methanol and again filtered; The final volume of each 
extract was made upto 10 ml with fresh chloroform-metha-
nol mixture. Thereafter 2.5 ml of normal saline solution 
was added to the extract in each test tube (4:1, v/v). 
This was shaken vigorously on cyclo-mixer for conplete 
mixing, and placed at -20*^ C in a deep freeze overnight 
for con^lete separation of the two layers. The junction 
of the two layers in each test tube was marked. The up-
per layer was used for the estimation of gangliosides. 
The lower layer was collectted in stoppered tubes with the 
help of a syringe and stored at -20^C until final use. The 
test tubes in which the two layers were separated, were 
dried and the volume of the lower layer in each test tube 
was measured. This extract was used for the estimation 
of total lipids, phospholipids and cholesterol. 
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3.5 Estimation of Total Lipids: 
Total lipids were estimated according to the method 
of Woodflian and Price (1972) . 
3.5.1 Reagents; 
1) Standard So lut iont 
Standard s o l u t i o n of 0 .5 mg brain l l p i d s / m l of c h l o -
roforro-roethanol (2s l } was prepared by d i l u t i n g 1.0 ml r e -
f r i g e r a t e d s tock s o l u t i o n (50 mg brain l i p i d / 1 0 ml chloro-
form-roethanol) i n a 10 ml standard f l a s k and made up the 
volume t o 10 .0 ml with chloroform-methanol ( 2 : 1 , v / v ) . 
11) Coloring Reagents: 
6.0g potassium dihydrogen orthophosphate and 0 .3 g 
v a n i l l i n were d i s s o l v e d by heat ing i n a 100 ml volxunet-
r l c f l a s k and the volume was made upto 100 ml with dobble 
d i s t i l l e d water . 
i l l ) Cone. S u l f u r i c Acid, A.R. 
Iv) Brain L i p i d s : 
L ip ids were i s o l a t e d from the animal brain by the 
technique as descr ibed i n the Extract ion of Brain L i p i d s . 
The e x t r a c t was dr ied by vacuum rotatory evaporator at 
40°C and dr ied l i p i d s were s tored at 0-5®C. 
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3 . 5 . 2 procedure: 
0.05 ml of duplicate brain extracts and a duplicate 
set of standard with 50 to 7oo fig of brain lipids were taken 
In 18 X 150 nun Corning test tubes. To this was added 2.5 ml 
Cone. Sulfuric acid and heated In boiling water bath for 20 
minutes. After cooling/ 5.0 ml coloring reagent waa added 
and absorption was read at 530 irni exactly after 10 mln. 
against a reagent blank. 
3.5.3 Calculation; 
C X V 
Total lipids (mg/g fresh wleght) » vt x wt 
where, C » Conctratlon of lipids In/ig In 0.05 brain 
extract (Volume taken Into estimation) 
V a Total volume of the lower layer 
Vt« Volume taken for the estimation 
Wt» Fresh weight of the tissue in mg. 
The above formula was used also for calculating the 
concentrations of phospholipids and cholesterol. 
3.6 Estimation of Cholesterol: 
Total cholesterol was estimated according to the method 
of Henly et al (1957) modified according to our laboratory 
conditions. 
In this method ferric chloride is using as coloring 
reagent instead of acetic anhydride and sulphuric acids. 
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3.6.1 Reagent; 
i) Cholesterol Standard Stock Solution? 
200 mg pure cholesterol dissolved in chloroform 
in 1000 ml volumetric flask (20 mg in 100 ml) . 
ii) Working standard of Cholesterol; 
Take 1 ml stock cholesterol solution standard in 
10 ml volumetric flask add chloroform till the mark. 
iii) Ferric Chloride Solution; 
Dissolve 0.5 g Fe CI,* ^^o^ ^" glacial acetic acid 
in 1000ml volumetric flask, adtst the volumes. 
3.6.2 Procedure; 
Take 0.05 ml of duplicate brain extract and doublicate 
set of standard of brain cholesterol in a dryness 18 x 150 mm 
test tube, heat the tubes in water bath to evsqporate the sol-
vent, cool and add to it 6 ml of ferric chloride, mixed cen-
trifuge at 3000 rpm for 10 minutes. Take 5 ml of filtrate 
heated in boiling water bath for one minute, cool at room 
temperature. Then add 5.0 ml of concentrated sulphuric 
acid to each tube and mixed at once. After ten minutes 
read at 560 mm against a blank. 
Standard set were used for calibration curve and the 
values of the standard curve were polled by least square 
method. 
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3.6.3 Calculation; 
Used the formula as given for total lipids* for total 
cholesterol (mg/g fresh weight). 
3^  7 Estimation of phosphate: 
Phosphate was estimated according to the method of 
Fiske and Subbarow, as described by Marinetti et al (1962). 
3.7.1 Reagents: 
i) A standard of 0.01 mg inorganic phosphate/ml was 
prepeaed by diluting 5.0 ml refrigerated stock solu-
tion (0.439 g KH2P0^/500 ml DDW) in a 100 ml standard 
flask with double distilled water (DDW). 
ii) Perchloric acid 70 % A.R, 
iii) Ammonium molybdate solution: 2.5 %, in DDW was pre-
pared by heating in water bath. 
iv) Reducing Reagent: 
Reducing reagent was prepared by dissolveng 3.0 g 
sodium bisulfite (Sigma Chemical Co. USA)* 0.6 g 
sodium sulfite and 0.05 g recrystalysed l-amino-2-
naphthol-4-sulphonic acid (ANSA) in 25 ml DDW. A 
slight yellow colour solution was obtained* stored 
in amber coloured bottle. The colour is stable 
for a week at the roc»n tenderature (25-30°C) . 
55 
v) Recrystallzation of ANSA; 
15.0 9 sodium metabisulphite^ 1.0 g sodium sulfite 
(azihydrous) and 1^5 g crude ANSA were dissolved in 
100 ml DDW by heating on the boiling water bath. 
Hot solution was filtered through the filter paper. 
1.0 ml cone. Hcl was added in the filterate and 
stirred, precipitate was filtered with suction 
punqp and washed with about 30 ml DDW and finally 
with alcohol till washing is colourless. This 
purified ANSA was dried in oven at lOO^C for 1 hour 
with least possible exposure to light and was tran-
sferred to amber coloured bottle. 
3.7.2 Procedure: 
0.2 ml of duplicate brain lipid extract (Lower layer) 
was placed in 16 x 150 mm corning test tubes and all the 
solvent was dried up by heating on a boiling water bath. 
Added 1.0 ml AR grade 70 % perchloric acid to the san^les 
and heated on a digester for 30 min. or until the sample 
became clear. After conqplete digestion sanples were cooled 
to room teoqperature. Thereafter, 1.5 ml aninonium roolybdate 
0.2 ml reducing reagent and 7.0 ml DDW were added with vig-
orous shaking after each addition. The test tubes were 
heated on boiling water bath for 7 min. After 30 min., the 
colour intensity was read at 700 mm. A calibration curve 
5fi 
was prepared with 1 ug to 7 jig of phosphorus and 1.0 ml 
perchloric acid. Blank was prepared with 1.0 ml per-
chloric acid alone. 
3,7.3 Calculation; 
The absorption is a lineau; function of the phosphorus 
content and the amount in unknown sanple can be calculated 
by direct proportion with the absorbance obtained for the 
standard. The anount of the phospholipid was calculated 
by multiplying with a factor of 25. 
3.8 Estimation of Gangliosides; 
Gangliosides were estimated according to the method 
of Pollet et al (1978)« as follows: 
3.8.1 Reagents; 
I) Standard Solution; 
A standard solution of 100 /ig N-acetyl neuraminic 
acid (Sigma Chem. Co., USA)/ml DDW was made by di-
luting 1.0 ml of the refrigerated stock solution 
(10.0 mg N-acetyl neuraminic acid dissolved in 
10.0 ml DDW) to the final volume of 10.0 ml with 
DDW. 
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II) Resorclnol Reagent? 
It was prepared by mixing 10.0 ml of 3 % resorcinol 
Solution in DDW« 80 ml cone. Hcl, 0.25 ml 0*1 M copper 
sulfate and DDW upto 100 ml. 
3.8.2 procedure; 
To 2.0 ml of the upper layer of the l i p i d extract^ 
2.0 ml of resorcinol solut ion was added. The t e s t tubes 
were heated on boi l ing water bath for 30 min. After cooling 
5.0 ml of a mixture of n~butyl acetate-n*butanol (85:15, v/v) 
was added to each tube. The tiibes were shaken thoroughly and 
kept for 15 min. to separate the organic phase. About 3-4 ml 
of the organic phase was taken and absorbance was measured at 
580 nm against a reagent blank. A standard curve with d i f f e -
rent concentrations of N-acetyl neuraminic acid (5-30 yug) 
having 2.0 ml f inal volume of DDW was prepared by the simi-
lar procedxxre, (Fig. 3.7) . 
3 .8 .3 Calculationt 
Ganglioside (mg/g fresh wt.) « ^ ^ ^ ^^ 
where« C » Concentration in ^ g in 2.0 ml extract 
V = Total volume of the upper layer 
Vt » Volume taken for the estimation 
Wt » Fresh weight of the tissue in mg. 
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3,9 Deterrainatlon of Rate of Lipid 
peroxidatlopt 
The amount of malonaldlaldehyde forined/30 mln . during 
lipid peroxidation was estimated according to the procedure 
of Utley et al« (1967), as described below: 
3*9.1 Reagents; 
i ) 0 ,15 M Potaslum c h l o r i d e ; 
2.237 g KCl d i s s o l v e d i n 200 nd DOW. 
11) 10 % (w/v) T r i c h l o r o a c e t i c ac id (TCA); 
10 .0 g TCA dissodtved i n 100 ml DDW. 
i l l ) 0 .67 % 2 - t h l o b a r b l t u r i c ac id (TBA); 
This was prepared by d i s s o l v i n g 0.67 g TBA i n 25-50 
ml DDW by adding two p a l l e t s of NaOH. The pH of the s o l u t -
ion was adjusted t o 7.2 with the help of IN Hcl and the 
volume was made upto 100 ml with DDW. 
3.9»2 procedure; 
D i f f e r e n t p a r t s of the brain were homogenized (10 %, 
w/v) i n c h i l l e d 0 .15 M KCl. One ml of each horoogenate was 
taken i n a 25 ml con ica l f l a s k and incubated at 37 + 1 C 
i n a metabol ic shaker (120 s t rokes /min . ap l i tude 1 cm) for 
2 hours . Thereafter , 1 .0 ml of the same homogenate was 
p i p e t t e d i n centr i£uge tubes and p r o t e i n was p r e c i p i t a t e d 
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by adding 1.0 ml of 10 % TCA. After incubation, 1.0 nd 
of 10 % TCA was added to each sanple and both the incubat-
ed as well as non-incubated sanples were centrifuged at 
3000 rpm for 10 min. One ml of the clear supernatedt was 
mixed with 1»0 ml of 0«67 % TBA and 1.0 ml DDW and the tubes 
were placed in a boiling water bath for 10 min., cooled and 
the absorbance of the colour was measured at 535 nm. 
3,9.3 Calculation: 
L^id peroxidation was calculated using the following 
formula: 
X 
or X 
AQD X 30 X 1000 X 1000 x 1000 x 3 x 2 
* 1.56 X 100000 X 1000 x 180 
MX> X 10 
1.66 
where, X 
£.00 
nanomoles of raalonaldialdehyde formed/30 min. 
Change of optical density at zero hour and 
2 hour incubation of the same saiqple. 
mamm 
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J^. RESULT 
4.1 physical Signs After Exposure to 
Nitrogen dioxide; 
Sign such as preening and erection of hair were obser-
ved during the exposure. The animals were passing more ur-
ine as compared to the control. Also loss of weight was 
recorded. 
4.2 Effect of Nitrogen dioxide (5 and 10 ppm) 
Dally 2 hours/ for 35 days) on the lipid 
Profile of the guinea pig brain and spinal 
cord; 
Lipid concentration in different regions of the guinea 
pig brain studied viz., cerebral hemisphere, cerebellum, mid-
brain, medulla, and spinal cord following exposure to differ-
ent concentrations of nitrogen dioxide, daily two hours, for 
five weeks (35 days). 
Table 4.1 and 4.2 shows the effect of the two different 
doses of nitrogen dioxide (5 ppm and 10 ppm) in discrate re-
gions of guinea pig brain and the spinal cord. The level of 
total lipids were significantly decreased in the cerebral 
hemisphere (p <0.001) cerebellum (p<0.01), midbrain (p<0.001), 
medulla (p <0.01) and spinal cord (p <0.01) following expo-
sure to 5 ppm NO,. The cerebeal hemisphere, cerebellum, 
midbrain, medulla and spinal cord, dose of 10 ppm of 
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nitrogen dioxide led to a high significant decrement in 
the levels of total lipids (p< 0.001). 
In addition to that, the concentrations of phospholi-
pids was showed significantly decrement in cerebral hemis-
phere (p<0.01), cerebellum (p<0.05), midbrain (p<0.05), 
medulla (p < 0,01 and spinal cord (p<0.01) following exposure 
to 5 ppm nitrogen dioxide. Highly significant decrement 
(p<0.001) were observed in all above region after exposure 
to 10 ppm of nitrogen dioxide (Table 4.3 and 4.4). 
JFurthermore, the cholesterol level was showed signifi-
cantly decrement in the cerebral hemisphere (p<0#05) and 
medbrain (p^O.Ol)/ while spinal cord showed significant 
increment (p<0.05) in cholesterol level after exposure to 
5 ppm N02» No significant changes observed in cholesterol 
level in cerebellxim and medulla (table 4.5) , Meanwhile 
high significant decrement was observed in the cerebral 
hemisphere, cerebellum, midbrain (p< 0.001), and medulla, 
(p<0.05), but spinal cord showed highly significant incre-
ment (p<0.001), after exposure to 10 ppm NO2/ (Table 4.6). 
The contents of gangliosides showed significant incre-
ment in cerebellum (p<0.05) and medulla (p<0.01) after 
es^osure to 5 ppm NOj* No significant chan^ e^s was observed 
in cerebral hemisphere, midbrain and spinal cord after ex-
posure to 5 ppm nitrogen dioxide, (Table 4.7). Highly sig-
nificant increment observed in cerebral hemisphere. 
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midbrain, medulla, and spinal cord (p< 0,001) after expo-
sure to 10 ppm NO2 in the leveflj of ganglioside, (Table 4.8). 
Additionally, the rate of lipid peroxidation was in-
creased significantly in cerebral hemisphere (p<0.05), cere-
bellum (p<0*Ol), midbrain (p<0.05) and spinal cord (p<0.05) 
after exposure to 5 ppm nitrogen dioxide, (table 4.9) . The 
rate of lipid peroxidation was showed highly significant 
increased in cerebral hemisphere, cerebellum, midbrain, 
and spinal cord (p <0.001) after exposure to 10 ppm nitro-
gen dioxide, (Table 4.10) . 
The C/t ratio was significantly increased in cerebral 
hemisphere (p<0.01), cerebellum (p<cl0.05) and spinal cord 
(p<0*05) but midbrain and medulla showed-11.3 % and -0.5 9i 
decreased respectively after exposure to 5 ppm NO2/ (Table 
No. 4.11)• The ratio showed significantly decrement in 
cerebellum (p^O.Ol) and significantly increment in spinal 
cord (p<0.001) after exposure to 10 ppm nitrogen dioxide, 
no significant changes observed in cerebral hemisphere, 
midbrain and medulla, (Table No. 4.12). 
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5. DISCUSSION 
Many studies have been conducted to investigate the 
effects of different air pollutants on health (Haider et 
al« 1981; Farahani* 1985; Vaughan et al« 1984; Sakai, 1984; 
Slovaara and Rantanen, 1983; and Mustafa and Tierney, 1978; 
Haider, 1985X. 
One of the common air pollutants in many urban envi-
ronment is nitrogen dioxide and a number of studies have 
been conducted to determine the health hazards associated 
with inhalation of nitrogen dioxide. 
In general, the studies have indicated that under 
certain conditions animals inhaleing nitrogen dioxide deve> 
lop structural and functional changes in the lungs, altera-
tions in the body's defence system and abnormal biochemical, 
physiological, and enzymetic reactions (Quldotti, 1978; 
Dawson and SchenXer, 1979; Holt et al, 1979; Illing et al, 
1980; Bills and Christie, 1980 and Sherwin and Layfield 
1976) . 
In addition respiratory function inpairment has been 
observed in residential polluted areas (Friberg and Cederiof, 
1978), and some epidemiologic studies have suggested that 
there is a relationship that exist&J)^ /t3M)9ttigl3l«K^ ncreased 
' ^s"^ 
/>^!: 
B^Jly^ci 
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incidence of cancer and ambient concentration o£ nitrogen 
oxides (Hlckey et al« 1970; and ^rey et al (1973) • Rlch-
ters and Rlchters, (1983^ reported that inhalation of ambi-
ent level of NO2 (0.4 ppm) or polluted tirban ambient air 
play a role in facilitation of blood-borne cancer cell 
metastasis• 
Although roemy studies have examined the effects of 
nitrogen dioxide in animal models, there is little informa-
tion available at present concerning the biochemical effects 
of inhaled nitrogen dioxide in guinea pig Central Nervous 
system (CNS). 
The brain is a heterogeneous organ conprising of varie-
gated, disparate little organs, exhibiting not only different 
structural and functional characteristics but also varying 
chemical conqposition, so the lipids in nervous system play 
an important role in neurochemical investigations. There-
£ore« in this study different brain regions and spinal cord 
were analyzed with a view to obtain better insight into the 
possible alterations induced by intoxication with nitrogen 
dioxide. 
5.1 Total Lipids and Lipids peroxidation! 
Schimizu {1965}« suggested that lipids are essential 
conqponents af all the cellular structures in the brain, niy-
elin sheath and neuropil and account for much of the total 
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lipid contents of brain tissue. 
The effect of nitrogen dioxide on the regional concen> 
tration of total lipids^ phospholipids^ total cholesterol^ 
ganglioside levels and. the rate of lipid peroxidation and 
found 
cholesterol/phospholipid ratio have beer\^ out in this study, 
table 4.1 to 4.12. 
Total lipids were significantly decreased in all the 
regions viz.« cereberal hemisphere, cerebellum, midbrain, 
medulla, and spinal cord, following intoxication with nitro-
gen dioxide (5 ppm and 10 ppm) • As the concentration of the 
gas increased the level of total lipid, inversely increased 
significantly. On the other hand, highly significant dec-
rement was observed in total lipid level of different brain 
regions and spinal cord after 10 ppm NO2 exposure. 
In other part of study, the significant increment was 
noted in the rate of lipid peroxidation in all the aforemen-
tioned regions except medulla after exposure to 5 ppm and 
10 ppm nitrogen dioxide. This finding shows direct relat-
ion to the concentration of N02# which may be related to 
the significant decrease in total lipids level. 
Lipid peroxidation is a basic deteriorative reaction 
in which cellular polyunsaturated fatty acids are oxidized. 
The reactions are initiated by free radicals and the lipids 
are oxidized to hydroperoxides. It is postulated that these 
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hydroperoxides are further metabolized to malondialdehyde 
and that malondialdehyde then reacts with amino groups of 
other biological molecules to form schiff-base class com-
pounds known as lipOfuscin pigments^ which are telieved to 
be metabolic end products of the lipid peroxidative proces-
Nitrogen dioxide and ozone are two oxidizing pollut-
ants commonly found in polluted air, (Lindvall, 1965; Men-
zel, 1971)• Some of the damaging effects of these gases 
are believed to be due to their ca{>ability of forming free 
radicals^ which are then able to initiate lipid peroxidat-
ion processes that leads to the damage of the lipids and 
of other oxidizable substances present in living system^ 
(Thomas, et al 1968, and Roehm, et al, 1976). 
Roehm et al (1971) have reported that nitrogen di-
oxide adds directly to double bonds present in polyunsatu-
rated fatty acids to form nitroso-free radicals. These 
radicals are then caqpable of initiating lipid peroxidat-
ion by the abstraction of the methylene hydrogen. 
5.2 Phospholipids> 
Phospholipids play a significant role in metaJaolism, 
due to their sha>re in conqposition of the membrane, and 
changes in their coinposition may result in alteration of 
the membrane structure. 
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Individual lipid classes, particularly menbrane phos-
pholipids, are undergoing constant txirnover at different 
rates with respect to the structure of the lipid and loca-
lization in different cells and membranes, (Porcellatl, 
1983) . 
Inorganic phosphate couples with molybdlc acid to 
form a yellow phosphomolybdate, this can be reduced to 
give a blue color which is directly proportional to the 
amount of inorgaz^ ic phosphates present. 
The organic phosphates are not capable of reacting 
with molybdlc acid until after the destruction of the or-
ganic matter by digestion with perchloric acid , when all 
the phosphate is converted to the inorganic react^le form. 
In this study significnatly decrement in phospholipids 
level has been observed in cereberal hemisphere, eeretellum 
midbrain, medulla and spinal cord. As concentration of 
nitrogen dioxide increased, this decrement inversely in-
creased. This decrement in phospholipids level may explain 
due to the reaction of NO2 with unsaturated fatty acids com-
position of phospholipids to form three different nitrogen -
containing free radical species. However, oxidative changes 
at the cell membrane might also account for the change in 
cell permeability. 
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5.3 Choleaterolt 
Cholesterol accounts for about 10 per cent of the 
dry weight of the brain In contrast to less than one per-
cent found in most other organs (Davison* 1965). Heavily 
myelinated areas of brain contain large amounts of chol-
esterol (Plum and Hansen* 1960). The analysis shows that 
cholesterol accounts for about 20 % of the dry weight of 
the myelin fraction. Nearly 70 % of the total brain 
cholesterol is present in the myelin* (Laatsch|bt al.^ 1962), 
Almost all the brain cholesterol is associated with 
membrane structures of which nQfelin is quantitatively by 
far the most prominent* (Laatsch et al* 1962). Cholest-
erol may play role in the fluidity of the membrane (Lehn-
inger* 1984)* so its disturbance may also affect the cell 
membrane composition and structure. 
In present investigation* cerebral hemisphere and 
roidbrsLln sho%ired significant decrease in cholesterol level, 
while cerebelliam and medulla showed insignificant decre-
ment after esqposure to 5 ppm and 10 ppm NO2 and highly 
significant decrement was observed in cerebral hemisphere 
cerebellum* midbrain* and medulla after 10 ppm nitrogen 
dioxide intoxication. But spinal cord showed significant 
increase after e3cposiire to 5 ppra and 10 ppm NO,^ As the 
dosing increased* cholesterol level inversely increased in 
cereberal hemisphere* cerebellum* midbrain* and medulla. 
While directly affected on that of spinal cord. 
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The cholesterol level in some areas showed decrement, 
while in other an increment was detected. This may be based, 
on the explanation proposed by Davison (1964), that choles-
terol turnover may be rapid in some areas than in other 
areas of the central nervous system. 
5.4 Cholesterolylphospholipid (Cyt>) Ratio; 
C/9 tatio is generally considered to be an index of 
atherogenecity. Cholesterol may be incorporated into the 
cell and transformed into amorphous droplets of choleste-
ryl esters (welter et al« 1968). 
C/B ratio in the present study showed significant 
increment in cerebral hemisphere, cerebellum, and spinal 
cord but in midbrain and medulla insignificantly decre-
ase' was observed after 5 ppm liiitrogen dioxide intoxica-
tion, while after 10 ppm NO2 e^ qposure cerebellum it ex-
hibited significant decrement and spinal cord highly 
significant incrwnent in C/lP ratio. In the cerebral hemi-
sphere and medulla C/P ratio was insignificantly increased 
against slightly insignificant decrease in the midbrain. 
This finding may be due to some change in the structure 
and composition of cell membrane in different region of 
CNS. 
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5.5 Ganqliosides; 
Gangliosides are prefermltlally localized at the 
synaptic region, were the presence o£ some ganglioside 
biosynthetic enzymes has been found also# (Mirski, et al, 
1978; Hansson et al« 1977). Gangliosides are mainly lo-
calized in two brain fractions, a minor amount in the 
myelin matrix and the bulk in the outer membrane of the 
nerve endings, (Ramsey and Nicholas, 1972). Gangliosides 
act as receptor sites for neurotoxins, and hence are in-
volved in the condition of nerve impulses, (van Heynin-
gen, 1959; North et al, 1961)• Recently it has been 
demonstrated that gangliosides modulate phosphorylation sys-
tems, (Agnati et al 1984, 1985; Bremer et al 1984, 1986; and 
Tsujii et al 1985). 
In present investigation, cerebellum and medulla 
gangliosides levels significantly increased while other 
regions, viz., cerebral hemisphere, midbrain and spinal 
cord gangliosides levels have been increased insignifi-
cantly after 5 ppm NO, intoxication. After 10 ppm nitro-
gen dioxide exposure all the above mentioned regions 
showed highly significant increased in level of ganglio-
sides. No information is available on the ganglioside 
levels in the guinea pig brain following esqjosure to 
nitrogen dioxide. 
C@IIi)€D(yig0@ffi) 
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6. CONCLUSION 
** This study demonstrated effect of nitrogen dioxide 
on the CNS lipids* for which no comparable result is 
available. 
** This investigation suggested that NO, can not only 
cause pulmonary changes as many worker have reported^ 
(Th<xnas et al 1968; Evans and Freeman* 1971; Freeman 
et al* 1969; Kabayashi et al* 1980; Kim* 1978; and 
Guth and Maris* 1985) i. but also the CNS may be one 
of the special targets of this gas. 
** The study may also sv^port the idea that* as nitro-
gen dioxide concentration increases* it's damage also 
increases and causes more damage to the cell membrane. 
** This study also supports the result of Von^Nieding et 
al (1979) regarding the special need for re-evaluation 
of the present NO2 maxim\im allowable concentrations 
3 
(MAC) (5 ppm* 9mg/m ) . 
Further study in this regard is underway to find 
the michanism of action of the gas on the lipids and lipo-
proteins in the blood and brain of guinea pigs. 
iBfeD0@iO°ilp[lDS^ 
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